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MERCERIZATION OF COTTON FOR STRENGTH
WITH SPECIAL REFERENCE TO AIRCRAFT CLOTH

By J. B, Wilkle
“35 INTRODUCTION

The process of mercerization is named after John
Mercer who, in 1850, obtained &a patent, one claim of which
is that cotton fibérs anrnd cloth are strengtnened by treat-
ment with caustic sods or certaln other substances. An-
other patent granted in 1890 to Arthur Lowe, points out
that the luster of cotton textiles is improved by mercer-
izing tanem under tension., From the time of Lows's patent
to the present the primary object of commercial mercerilza-~
tion has been either to improve the appearance of yarns
and fabrics by increasing thelir luster or to improve thneir
dyeing qualities. However, there is a growing demand for
cloth of the greatest strength for a given weight, espe-
.clally for use in aviation, Hence the possibility, first
pointed out by Mercer, of lncreasing the sirength of yarn
and cloth by mercerization is now of greater importance
than at any previouns time.

The literature indicates that the strength of cotton
yarn or cloth can be materially increased by merceriza- -
tion, but the conditions for obtalning the maximum in-
crease in strength have not been worked out systematically.

A high strengtb/weight ratio is the main considera-
tion in the use of a cotton cloth for aircraft structural
purposes. Accordingly, the object of the present inves-’
tigation was to determine the conditions for mercerizing
cotton yarn %o obtain the maximum strength for a given
weight, Apparatus for controlling the variables was built

and yarns were mercerized with it under systematically va-
ried conditions of tension, time, temperature, and con-
centration of caustic soda. Attention was given to thae
relation between the count, twist, and ply of yarns and
the increase in strength resulting from mercerization.

The experiments were limited to yarn mercerizatlion
because of the better control that sppeared to be possi-
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ble. However, the regults obtained should be applicable
to the wercerization of cloth as well as yarn,

This work was un&ertaken by the Bureau of BStandards
at the request of and with the financial assistance of the
¥ational Advisory Committee for Aeronautics,

. -

. ~ZL MATERIALS AND EQUIPMENT

Cotton yarn of count 80 spun from 1-5/16 inch staple
length good middling Peeler cotton in the Bureaun cotton
mill was used for the study of the wvariables of the mer-—~
cerization procedure., This yarn was spun with twist mul-
tipller 3* giving about 27 turans per inch, slightly lower
twist than is required to produce gray yaran of maximum
strength, Yarns of count 80 made from the eame cotton in
other twists were used in studyling the effect of twisgt.
Information concerning certain other yarns used for the
experimente is glven in the title to Table I,

Commerclal caustic soda was purified for thesse exper-
iments by allowing a 48,5 per cent stock solution to set-
tle, the clear supernatant liguor being used. After this
purification, the golufion contained 0,001 per cent iron**
and 045 per cent anhydrous sodium carbonate, This concen-
trated solution was stored in pyrex glass bottles which
were equipped with ascarite tubes to prevent contamination
from atmospheric carbon dioxide., It was diluted with car-
bon dioxide free distllled water for use in the experiments.

-
The apparatus w%ich was deslgned for the merceriza-
tion of the yarns is shown in Pigure 1, 1t consists of a
constant temperature bath in which the contalners for the
golutiond used can be placed and a mechanism for the sup-
prort of the yarn which provides for the measurement and
control of the tension on i1t. The mechaniem is suspended

*The twist multiplier (M) is a constant relating the numsw
ber of turns per inch (T). glven the yarn in spinning to
the yarn count (C) according to the equation T = M,/C.
**Unpublished work by the author shows that cotton is ap-
preciably degraded, i1,e,, the alpha cellulose content 1is
decreased, by mercerizatlion at 100°C with caustlic soda so-
lution containing only 0,01 per ceunt of lron dbut that it
is not defraded when the iron concentration 19 less_ than
this amount, o
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as a unlt by cables which pass over pulleys on the cross-
tree at the top of the mast shown in the center of the
figure to weilghts which serve as counterpoises, The mech~
anism can be lowered to bring the yern into the solution
below it, The mast can be rotated. to.bring the mechanism
over any one of the threecontainers,

The bath is equipped with motor-driven agitators and
is filled with water or, for low temperatures, with alco-
hol., It is provided with a coill through which either
steam or cold brine can be circulated. An auxiliary elec-
tric heating unit controlled Dy a thermostat supplements
hand control and permits the temperature to bPe held con-
stent to within 0.5° for any temperature between about
96°¢ and -10°C, Three openings in the top of %the batn
(covered in the photograph) accommodate monel metal con-
taeiners of 15 liters capeacity ir which the caustic soda
solution and rinse waters are placsed,

The frames on which the yarn to be mercerizesd is wound
and the winder are showan in Figure 2. The holes in the
corners of the frames slip over sbtuds om the supporting
mechanism Jjust above the bath in Figure 1, in which tae
six frames that are accommodated at one time are shown
in place. The ends of the frames are neld apart by de-
tachable links (fig. 2) that are removed when the frzmes
are placed on the studs. (Fige. l.) Tae lower studs are
fixed. The upper studs are attached to a carrlage that is
free to move vertically on gulde rods, The carriaze is
suspended by & cable from the spring escale which is at-
tached above to a rack that is in turn suspended by a ca-
ble passing over pulleys and terminating in the bhag of
shot (&) in Figure 1, There is too much friction im this
mechanism to permit the bag of shot to be used as a con-
stant known load on the yarn, It is simply used asa
counterpoise. The Xoad on the yarn is obtained by hand-
operated Pinion gears which engage the rack. The load on
the yarn is indicated by the pointer on the spring écale. -
Another pointer, attached to the cable from the cartiags
to the scales, indicates on a ruler any changes in lergth
of the yara during processing. & propeller directly be-
low the yarn driven by a small motor (B in fig., 1) leeps
the ligquid in which the yarns are placed thoroughly agl-
tated,*

*The apparatus is more elaborate than would be necessary
if it were designed onIy for the present work, It can be
used for the mercsrization of skeins as well as of yarn
wound on frames,
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- Ffhe apparsgtus used in preparing the yarn for mercer-
izatiun 1e described in tne next eection.
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All of the yarn used in the experlments was glven the"

pretreatment: now to be described, The purpose of the prs&-~
treatment. wag to remove cotton waxes, oils, and in fact,
all extraheous materials in ordex to prevent contamina~
tion cf the mercerizing solution’ and to provide a uniform
material for mercerlzation, A commercial pretroatment was
not given because foreign matarials usually are not com-
pletely removed by such treatment. 'The procedure followed
is similar to that recommendod by Gorey and Gray for the
proparation of standard cellulose. (Reference 1.) The
gray yara 4ih - the-form of 3,000-yard skeins was extracted
for 14 héours with athyl alcohol, then for 14 héurs with
ethyl ethér. :Finally, it was boilod for ISR hoﬁrs with a

1 por cen%t-agueous solution of caustic soaa.‘ The extrac--
tion appetratus was constructed from an éiuminum préssure
cooker and functioned liks an, ordinary Soxhlet extractor.
The yarn was placed. in a.glass contalnor. contact with
metal being -avolded, The caustic soda boll Wwas carried
out in a monel metal can provided with an agitator. The
yarn was kept submerged. and was protected fronm mechanical
action by placing it.in a cheesoecloth net, The alpha cel-
lulose content of the pretreated cotton was 99,7 per cent.

»

]

;E; Meréerization
The pretreated yarn to be mercerized was conditioned
by expnsure for at least 24 hours in an ‘atmoepherse of 856 -
per cent relative humidity, having a temperabture of 70°F,
One hundred turans, about 56 yards, were then wound upon
etich frame with the winder shown at A in Figure 2, a
very snall but uniform btension being applied during wind-
ing. I'"ae frames were .next placed in posiftion on the ap-
paratuy that has been described., After the first frame
was placed on the apparatbtus, the nmovable carriage was
locked in position. The connecgting links of the frame
wore next removed, The remaining five framee were placed
in position. in 11ke manner, each having its connegiting
links removed, The carriage wa’®s theh .unlocked. and the-dﬁ—
sired tenelon was applied to the varn.- This, tension wae-

-
."‘\.“‘ll'

ét;’ Pretreatment _ _ . i S e



N.A.C.A, Technlical N¥ote Fo, 450 5

maintained during mercerization, or changed as desired, by
the hand-operated rack and planion. The mechanism was then
lowered %to immerse the yarn in the caustic soda solution.
After the caustic treatment was completed, the yarn was
shifted over into another container filled with distilled
water at a temperaturs of 0% or, if mercerization was
carried out at room temperature or higher, 20°9C, This
rinse was followed by three 5S5-minuts rinses with tap watoer.
Any ceaustic remaining in the yarn was then neubtralized by
placing the yarn for 10 minutes in a 1 per cent solution
of acetlic acid at room tempsraturs. The yaran was then
glvon three S5-minute rinses with tap water followed by =
final BS-minute rinse with distllled water, all at room
temperature, The mercerized yarn was then removed from
the final rinse by elevating the mechanism, The tension
was reduced to about 0,2 pound per 100 ends and the yarn
was allowed to dry in a current of air from an electric
fane

When the yarn was dry, it was shifted from the metal
frames to cardboard holders, care being bPexen not to dis-
arrange it, Yarn to bPe used for the vresking strength test
was obtained as shown gt 1 in Figure 3. Guumed pager was
pasted over the yarn to hold it to the cardboard, The rarn
was then cut across at sach end where it looped baclz, sglv-
ing two sheets of strands. Yarn to be reeled and weighed
for the determinabion of count was obtained as shown at 2
in Figure 3, :

% Testing - . - T

A1l tests were made after conditioning the yarn by
exposure for at least 24 hours in an atmosphers of 65 per
cent relative humidity having a temperature of 70°¥%,

The count of the yarn, i.e., the number of 840 yard
lengths in a pound, was obtained by calculation from tae
weight of & 45 yard length., : IR

The breaking strength of the yarn was found as fol-
lows: The one hundred strands takepn from one side of the
frame as described above were inserted simultaneously
(multiple strand method) in the jaws of a pendulum type
tester. The capacity of the machine was 110 pounds ex-
cept for testing the 10!'s yarn, when & machine of 300
pounds capacity was used. The distance between the jaws
was 4 inches and the rate of separation was 12 inches per
minute, The elongation of the yarn at break was recorded
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by .the maching, 8ix bresks were-made for each mercer-

s ization end the results averaged. _ _ .

*° " Pretreatment or mercerization affects not only the
strength but also the count of a yarn, Since the strength
of a yarn is very nearly proportional to the reciprocal
of the. count for small ckhanges in count, the streangth of
,each yarn was multiplied by. the ratio of its actual count
" to the nmominel count of the gray yarn (given in the first
column of Table I)., The nominal strength thus obtained,
that 1s, the .(approximate) strength the yarn would have
hgd if its count were the nominal count of the gray yarn,
is a aseful figure fof ‘comparison of the results of the
treatments, It is the figure reported in this paper.

o

E=FZ RESULTS | R

——— -

%= Pretreatment

- - _ PR S

Scouring, kier~bolling, bleaching or other wet treat~
ments that may precede the mercerlzation of cotton yara
renove noncelluleosic materials and decrease the weight,

At the same time the yarn may shrink or stretch, The very
thorough pretreatment given the yarns used in this study’
resulted in changes in the nominal strength of from -11
per cont to 100 per cent of that of the gray yarn depend-
ing upon the size, twist, ply and character of the yarn.
In gereral, the low-twist yarns showed the greater in-
croase in strength, DTata for a variety of yarng are given
in Tatle I,

—_—— E—— - . kT E aem L o P . o e — —_

The pretreatment also resulted in an increase in the
diameter of the yarn, a fact of significance for aseronau-
tical uses, for example, in cotton parachute cloth, where
the air permeability of the cloth must be controlled. The
diameters of some of the yarns before and aftesr pretreat-
ment and mercerization are given In Table II.

& Tension . -

In order to determine the relation between the ten-
sion applied during mercerization and the strength of the
resulting yarns, experiments were run in which the tension
was varied and the other conditions were those reported to
give the maximum swelling and optimum commercial result.

(Refershce 2,) The caustic soda concentration was 23 per

"
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cent, the mercerization temperature was 2000, and the time
of immersion in the ceustliec flve minutes. Three teansions
were applied: 0,2 pound per 100 ends, which was the ten--
sion just necessary to eliminats the slack in the yarn,
1.1 pounds per 100 ends, and 2.8 pounds per 100 ends, 1In
some experiments, the tension was applied to tre yarn Just
before it was placed in the caustic soda bath and was not
removed until after the final rinse, In others, different
tensions were used during immersion in the caustlc and in
the rinses.

The results are given in Table III. The strength of
the pretreated yarn wa's not improved by mercerization,
1t was, in fact, decreased where the tension was only 0.2
pound. Later experiments were carried out under the con-
ditions subsequently found to be more favorable to an in-
crease ln strength with yarns differing in size and con-
struction., The results, which are given in Table I, indi-
cate taat in general a2 tenslion greater than enough fto elim-
inate slack is required for an increase in nominal strength
over that of the pretreated yarn. Further, they show thaat,
provided sufficient tension 1s applied, a considerable va-
riation in the tension does not materially affect the re=
gults.

The last two experimente in Table III show the effect
of applying tension to the yarn in the rinse instead of
during immersion in the caustic. They indicate that ten—
sion should be applied in the csustic bath,

The amount of coﬁ%raction of the yarn in the caustic
solution was observed. It was dependent uwpon the tension
applied during mercerization. All of the yarms studied
except those having relatively high twist contractsd be-
tween 10.and 16 per cent when only 0.2 pound tenslon was
epplied to the yarm in the caustic solution., With the
greater tensions tried, they contracted not over 3 per
cent and some of them stretched 1 or 2 per cent, The yarns
which contracted in the caustic all elongated somewnat
during the rinsing.

The practical result of the contractlion was the ef-
fect on the elongation of the mercerized yarn, The elon-
gation at break of yarns mercerized under conditions per-
mitting them to contract was equal tTo or several per cent
higher than that of the gray or rretreated yarn whose elou-
gatlon varled from 4 to 7 per cent (rarely 10 per cent).
The elongation of the yarn mercerized under a tension of
1.1 pounds or more was usually from 2 to 5 per cent,
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B ST ‘g Time

A series Qf experiments were Performed in which the
"time- of immersion in the caustic was varled from 30 sec—
phds to one hour, A tension of 1,1 pounds per 100 ends
and a 23 per cent solution of caustic soda were used in
these experiments, The nominal strength of the resulting
. yarn remained practically unchanged as also did the elon-
"gation at the break, This indicates that for periods over
30 seconds the time of immersion under the specified con-
dltions does not affect the strength of the yarn.

Y e ' 251 Temperature
The 80's yarn. twist multlplier 3, was mercerized un-
‘der ALfF erent conditlons of temperature and concentration
of caustic, the time of mercerization being 5 minutes and
.the load 1,1 pounds per 100 endes, The results are given
.in Table iv. The nominal strength of the yarn mercerlzed

“,_at 0 and -10°C was somewhat highey than that of the pre-

treated yarn (nominal strength 25 pounds per 100 ends).
Tempe:ature appears to have little effect in the range 10°
to 96 C,

“g2. Concentration of Caustic

. Table IV also gives the results of mercerization ex-
_perimgnts covering a range of concentrations of caustlo
from 5 per cent to 48 -per ceant, Thers is no clear evi-
dence that the nominal strength 4is materially Imfluenced
. by variations in the concentration within this range. It
was not possible to run an experiment with a 5 per cent
solution of cauetic at -10° G because of the separation of
a crystalline hydrate,

—68y Twist .
The results of the experlments already described led
" to the selection of the following conditions for e study
of relation of yarn twist to mercerization for strength:
tension 1.1 pounde per 100 ends for 80's, time 5 minutes,
temperature ~10°C, caunstic concentration 10 per cent. A4
series of 80's yarns spun from the game cotton with twist
maltipliers ranging from 2 to 6.7 was mercerized under
these conditions, Yarns of other counts, some of them in
saveral tw1ste, were mercerized under fhe same conditions
except .that the tension applied to the stronger yarns was
‘greater., ‘The results are given in Table I. Some of them

= - - Tk s E o oam— a Y -

b



N.A.C.A. Technical Note ¥o. 450 9

are presented graphically iIn Figures 4 and 5. The pre-
treatment of the gray yarn increasod the strength of the
yarns of twist multipliers uwp to 3,0 much more than that

of the higher twist multipliers. 1In some cases it actually
weakened the yarns having hizher twists, Mercerization
under a tension of only 0,2 pound per 100 ends usually in-
creased the strength of low-twist yarns over that of the
pretreated., In some cases 1t decreased the strength of the
higher twlst yarns. Ia every instance when a greater ten—
sion was applied, mercerization rssulted in yarn naving
greater nominal strength than either the gray yarn or tae
pretreated yarn. The maximum increase over the strength

of the gray yarns was in excess of 150 per cent for the
low~twist, low-—count yarns and 80 per cent for the low-
twist 80's, '

Two~ply 160's and two-ply 80's yarn were mercerizsd
with results similar to those obtained with singles of
the equivalent count,

T8%. Double Mercerization

From the results given above 1t appearsd that a ten-
sion grsesatsr than 0,2 pound per 100 ends applied while
the yarn is in the caustic solution is essential for the
maximum increase in strength. The elongation at break of
yarn so mercerized is very low, ususlly about 2.5 per asnt
and practically never exceeding 5 per cent, Yarn with too
little stretch is undesirable for many purposes,.

Some experiments were carried out in which the yarn
mercerized under conditions giving the greatest increase
in strength was mercerized again with less ftension., The
second mercerization differed from the first in that about
15 minutes were required for complete contraction of the
Yarn in the caustic, whereas the contractiocn in yarn being
mercerized for the first time was complete within two or
three minutes, This double mercerization resulted in
yYarns having the. maximum strength obtainable in & single
mercerization and also any desired elongation up to adbout
10 per cent, depending upon the amount of tension used in
the sscond mercerization, Results of double mercerization
experiments are given in Table I. :

It appeared that yarn having the maximum s trength but
greater elongation might be obtained by other procedurss
than doudble mercerization, Thus the yarn could be mercer-—
ized under tension in the usual way and the tension then
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.decrease& before the yarn is removed from the caustic in
order to allow it to contract., Several such procedures
were tried., Althowgh it was possible fo increase the elon-
gation in this way, “tHe strength .was not always equeal to
_that obtained by the double mercerization procedure.

e . - . T o N .
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The Ppretreatment given the yarn for thess experiments
was more thorough than the usual commercial pretreatments,
mercerization was carried out with an extremely large vol-
ume oi fresh, clean caustilc solution, and the rinses were
very thorough. Gonsequently, the lncreases in strength
obtalned are for what may be considered idesl rather than
practical commercial conditions. However, they can be used
as a measure of the efficiency of commerclal processlng,

. The pretrsatment itself resulted 1n a very consldera-~ e
ble increase in the nomlnal strength of all Yarns of low

or medium twist, Whether this pretreatment is essential

for the increase obtained by combined pretreatment and
;mercerization was not determined,

Eecauee of their greeter dlameter, the pretreated

The strength of a thoroughly pretreated yarn can be
.8till further increased by suitable mercerization, Unless
the twlst of the yarn is low, tension of the order of 1 or
2 pounds per 100 ends during mercerization is necessary to
obtain this ingreass® and even inm the case of the low-twist
yarns, -the incresase is greater when tension sufficient to
prevent the yarn contracting more than 2 or 3 per cent in
the cangtic bath is used, The time of mercerization, tem-
perature, and concentration of caustlc need not be care-

fully . zontrcliled, though somewhat greater strength results
when tioe caustlc concentration ig low, 'say 10 per cent,
.and ths tomperature is kept at © C or even lower.

Tae, reeults clearly indicate that the. twist in the

. yarn must be 10w if the maximim increase in nominal
strength is to result from mercerization, and if yarns of
maximum nominal strength are to be abtained. This sffect
of twist is so great that on 80's yarn of itwist multipller
2.2 having a strength of only 17 pounds per 100 ends is
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stronger after pretreatment and mercerization than a simi-
lar yarn of twist multiplier 3,0 having an initial strength
of 21 pounds per 100 ends. Similarly for plied yarns,
where the singles and ply twist are low the increase in
strength resulting from mercerization is greater than when
the twists are higher., In the case of 80's two-ply yarns
differing only in twist, the strength of the yarn having
low singles and ply twist was doubled as a result of pre-
treatment and mercerization.

Some reasons for the increase in strength resulting
from pretreatment and mercerization may Ve suggested, It
is generally recognized that gray yarns having low twist
are weak bscause of fiber slippage and yarns having hizh
twist are weak because of torsional stresses on the indi-
vidual fibers. An intermediate twist permits less slip-
page, yot does not introduce undue torsional stresses and
therefore results in yarn of maximum strength., This is
i1llustrated by the curve for the untreated yarn in Figure 4,

Some of thd factors which probably coniridute to the
increased strength of the pretreatsd and mercerized yarans
are increased friction between the fibers, increased
strength of the fibers, and better dlistribution of the
load among them,.

It is recognized that a better distribution of the
load among the fibers may take place during pretreatment
and sspecially during mercerization when the fibers are in
a plastic condition, but the extent to which this contrib-
utes to the increase in strength is not evident.

The removal during pretreatment of material which lu-
bricates the movement of fiber on fiber or which does not
contribute as much to the strength of the fiber as the
same welght of cotton cellulose, would increase the fric-
tion between fibers and increase the ratio of their
strength to their weight, The data in Tables I and II
clearly show that the count and diameter of the pretreatsd
Yarns of lowsr twists are greater than the count and diam-~
eter of the corresponding gray yarn; that is, the welght
per unit length is less and the diameter more. The pre-
treated yarns feel harsher than the gray, indicating an
increase 1in coefficient of friction of the fibers and an
examination of the broken ends of the yarns shows that
there is less fiber slippage when they are dbroken than
when the gray yerns are broken, These facte indicate that
increased friction between the fihers is probadbly the pre-
dominant reason for the increased strength of pretreated
¥arns,
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The low~twist :yarms mercerized under a'tension of 032
pound have both -smaller digmeter and lower count than thé
corresponding pretreated yarns. (Tavles I and II.) This
means %hat the-fibers are in closer contact and the aresa
of contact between them has-increased, The broken ends
of these yarns indicate the absence of fiber slippags,
Just as the increasge iIn strength of low-twist gray yarns
with twist is attributadble to decrsased flber slippage,
the incresased strength of thege yarns mey be atitributed
to decreased fiber slippage. The yarns having higher
twist did not change much 1in dlameter and count when mer-
cerized under O.2-pound tension, - It is not .surprising
to note that their -strength after mercerization differs
but little from.that before, since no fiber . slippage 1s
qbserved in either case. o -

When the yarns were mercerized under the higher ten~
sions they decrsased but slightly more in diameter than
when merceriged under O.2-pound tension and changed but
little more in count, No evidence of fiber slippage was
found by examining the broken ends, However, the ptrength
®was in general: greater than that of the yarns mercerized
under the .0.2-pound tension. The increass would sppear to
be attributable to an actual increase in fiber strength, -
The study of how mercerization would increase the strength
of the cotton hair is beyond the scope of this paper.

“¥E, CONCLUSION

—— - e - L — --— -

The general conclusion to be drawn from this work 1a
that tlke strongest mercerized yarn of a given count from
a given guality of cotton is obtained under the following
condltionat _ . ) . i

le Use of low—twist yarn obtained with twigt multl-

' pliers from 2.2 to 3.
2a Thorough pretreatment of—tﬂe yarn to remove all
' extraneous: materials. .

= .. e - -

[ ——
—— — T - -

8. Mercerzzatlon “at a temperature of O G, orh{ewer.

4 uUse of suffic1ent tension during mercerization
[ ¥ prevent the yarn from contracting more
D than 3 per cent. -

B (e
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5. Use of caustic solution having & concentration
of 10 per cent, or higher,

6, The time of mercerization to Pe 5 minutes.

The resulting yarn should be from 40 to 100 per cent
stronger than the original yarn of the same weight.

Bureau of Standards,
Washington, D, C., December 29, 1932. -
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TABLE 1

Reaults for ths mercerization of yarns of different counte mnd twists. Oauvetic soda copcentratlon 10 Pu osnt . tem-
psrature ~10°0, tims 5 minutes, temsion as indicated, The 10's and 20's yarn wers epde from I inch, the 36's from 1-1?1'6
inch, and the other yarns from 1-5/16 staple length Peeler cotton, wnless otherwise inlicated.

Aotunl oount Nominsl straggt‘n in pounds per | Inorsase in sirengih over ihat
100 ende of gray yarn in per cent
Ply |____Meroerlzed _ | Dou- | Mérosrliged _ Double| Pre- Morcoerized_ | Double
¥ominel |Twist |twist|Gray| Pre- Load during |ble [Gray| Pre- [ Load during | mer- |treat-| Load during mar—
gount malti-| in treat-| mercerization [mer- troat-|mercerization | carli-| od meroerization ceri-
pllier |turns ed in pounde per |cer- ad in pounds per |zation| in g por | sation
per . 100 ende____|iza~ |__100 ends ____| | 100 emdp___|
irch 0.3] 1.1 | other) tlon 0.,2] 1.1]other 0.3] 1.1|other
20 2.8 B4 | 94 87| o4 18 | a2 31| 36 a3 17| 30
80 2.0 78 | 87 80| 84 16| 2 a7| 30 3. 69| B8
80 2.3 80 | 83 81| @5 | 17| 24 37| 3 B | a 69| 82 1
80 3.6 ™| _| 89| 7o 201 28 2| & 20__| 6|66
- 80 5.0 78 | 85 73| 86 a1 | 25~ 23] % 19 10| 43
80 3.6 " | 78 73| 78 33 | a6 83 31 14 5| 33
80 5.0 7% | 79 76| 83 20 | 32 20| 23 10 0| 16
80 8.7 70|83 | 81| 7 13| 16__] 1818 _| 18 a3 | 33 ]
160 3-ply* 7w |83 | 78| 80 22 | 28 33| 33 c| 32 |18 80| 50 46
80, 2.8 58 | Bl 58 59¢ 33| 35 33 40° 9 3 2g°
60P 3.9 6L | 87y _| 56 6% | _|s7 ]| 4a5__| 54 _14m®] _|a:_| -8] 14% | |
" 40 2.4 4] | 43 39| 44 ) 482 417) 46 | 67~ | 65/ 8a 7437 88 | M 41| 487 81° a7
40 4.0 4 | 43 a0| 48 423 48 | 53 54| 67 | 54 8 12|19 | 14
40 |42 | 43 (41 | 38 468 |s8|es_|av| _|et| | e_|(-18| | &% {
80 2-ply|] 2.5 T 10 7] 38 | 43 58| 43 38| 39 | 69 8a) 81 ( "% | B valioa | 03
g0 2-ply | 2.8 | 18 | 40 | 48 40| 44 53 | 83 70| 78 19 33| 43
| B0 3ply | 8.9_) 30 | 36 |3 | #8| =8/ 41 59 | B8 es| 70 | 78° 7 _] 12|19 | 20°
80 2-ply | 5.6 ] 10| 37 | 41 — ] 37| 39| 48 52 | 83 68| 75 | 77° n a7| 44 | 480
80 3-ply | 6.0 | 2 | 30 | a1 37| 43| a3° 53 | 67 83| 67 | n® 3 | 12|20 | a7
| 80 2-ply | 8.4 ] 40 | 40 | & 29 423 | a4 | B0 50 503 | 1#_ | 14 543 1
56 3.5 13| 35 32 el T 327 a3 | 437 | b4 B854 | 87 |15 153 136 |
35 3,3 32 | 57 33 36 39 | 87 53 617 48 36 56§
| 35 4.5 3¢ 85_ | 33] {si| _las|as |49 | Eall a1 vl a0
208 2.5 20 | 32 ] 2% 1w .| 1. o7 [108°|1058 T 111 {100 [185 172 1768 103
a0 3.6 20 | 20 19 ag® | 94 1103 118 20 31 49°
| 20 4.7 30({23 | 19 . % | 83 | 78__1 83| eag__ -11 ol 134 ]
10 2.5 8.7 |10.0 T e.510.3%| e.6[ 107114 |184™ [240 246" 246> 322 7| 1™ J1zs{114? 128t T 118
10 41 8.7 |10.5 | 2.3 10. 163 170 |178 1881 4 6 |15,
10 5.1 9,7 |10.8 {10.1 11.0 174 (165 165 1800 ~11 -5 5
a —~ 3taple length and Xind of ootton not known. g - Load during werecerization 0.3 1b,, during rirse 4.5 1b. per 100 ends,
b ~ Pima cotton. h- ¢ u ' 2.0 "  per 100 ends.
¢ - Load Auring meroerlzation 1.5 lb. per 100 ends. 1 - ¥ . . 0.3 ', during rinse 9.0 1b, par 100 enda.
a- v " " 2.35" & ¥ %
a- ® n . 4,5 « " =
- [} [ ] ] 3.8 " " " [

037 "ON ©90N TECTUmoeEL 'Y O'¥°K

T TqQ9L
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TABLE II

Effect of pretreatment and mercerization on diameter
of yarn mercerized with a 10 per cent solution of caustic

gsoda, temperature -10"C,

time 5 minutes.

Diameter in millimeters

Twist Mercerized
Nominal malti- Pre-~ Load during mer-

count* plier Gray treated cerization

of in pounds

yarn 0.2 1.1
80 2.0 0.134 04135 0,100 0,094
80 "242 129 124 102 .086
80 "245 «136 . 134 116 .110
80 3.0 124 +133 .098 091
80 3,5 113 121 .110 093
80 5,0 .100 .105 .099 092
80 6.7 .106 112 .093 «102
40 2.4 #1567 +163 132 130
40 4.0 .164 - 151 132
35 245 «200 «170 0143 142
35 4,5 «148 «148 «l46 «131
10 245 «435 «364 343 «271
10 4,1 «318 . 318 +309 269

*For actual count and nomlinal strength, see Tabdle I.



Effect of tenslon on the strength

TABLE IIX

and elongation of 8C's yarn (twist multiplier 3) mer-

cerized with a 23 per cent solution of caustic soda for 5 winutes at 20°C. Data for the

gray and pretreated yarn are given for comparison.

(Loads given are per Actusal Nominal Increase in Flon- Nax- Contrac-

100 ends of yarn) count strength strenzth Za~ 1mum tion at
over that tion contrac- end of
of gray at tion in final
yarn in bregik mercer- rinse in
ver cent infi) izetion per cent#®
" bath in

per cent*

Gray yarn 78 21 - 6 - -

Pretrested yarn 85 25 " 19 5 - -

0.2 pound in mercer-

cerization and rinses 73 21 0 10 15 11

1.1 pounds in mercer- _

ization and rinses 8 25 19 2 0 -2

2.8 pounds in wercer-—

ization and rinses 24 25 19 1 - -

0.2 pound in caustic

and 1.) poundsin rinsec 80 23 12 4 10 5

0.2 pound in caustic

and 2.8 pounds in

rinses 79 22 5 2 12 4

*Besed on length of yarn before antering caustic solution.

*Ol @40 Teojuudel °*V'O0°'V'F

0S¥

gt
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TABLE IV

Relation between temperature and concentration of
caustic solution and the nominal strength of 80's yarn
(twist multiplier 3) when it was mercerized for 5 minutes
under a load of 1,1 pounds per 100 ends,

The values given are the nominal strength in pounds
per 100 ends,

Temﬁzrggure Concentration of NaQXE in per cent
5 6 10 15 23 36 48 N
96 25 26 26 25
95 . 24
75 23
B8 26 a5 26 25 24
30 25
20 25 25 26 25 26 26
10 - 27 26 -
0 26 28 26
~10 30 29 28
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Figure 1l.-Machine for mercerization of yarns in the laboratory.
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Figure 5.- Helation between breaiting strength and twist,
1C's, 20's, and Z5's cotfon yarn.



